Objectives: Purposes of the current study were to investigate whether age-related decline emerged in a case-marker assignment task (CMAT) and to explore the relationship between working-memory (WM) capacity and case-marker processing. Method: A total of 121 individuals participated in the study with 62 younger adults and 59 elderly adults. All were administered a CMAT that consisted of active and passive constructions with canonical and noncanonical word-order conditions. A composite measure of WM tasks served as an index of participants' WM capacity. Results: The older group performed worse than the younger group, and the noncanonical word order elicited worse performance than the canonical condition. The older group demonstrated greater difficulty in case-marker processing under the canonical condition and passive construction. Regression results revealed that age, education, and sentence type were the best predictors to account for performance on the CMAT. Discussion: The canonicity of word order and passive construction were critical factors related to decline in abilities in a case-marker assignment. The combination of age, education, and sentence type factors accounted for overall performance on case-marker processing. Results indicated the crucial necessity to find a cognitively and linguistically demanding condition that elicits aging effects most efficiently, considering language-specific syntactic features.
A variety of cognitive and linguistic processes are involved in correctly interpreting a sentence. Readers or listeners must keep a series of bits of information activated while they assign the proper thematic roles to each linguistic unit. Researchers suggested that abilities to comprehend sentences deteriorate with age, and the relationship between aging and sentence-comprehension abilities has been examined in various linguistic tasks using plausibility judgment (Caplan, DeDe, Waters, Michaud, & Tripodis, 2011; Obler, Fein, Nicholas, & Albert, 1991; Waters & Caplan, 2001 , True/False questions asking thematic roles of target sentences (Stine-Morrow, Ryan, & Leonard, 2000) , wh-question answering task (Davis & Ball, 1989; Emery, 1985) , sentence-picture matching paradigm (Sung, 2015a) , and sentence-repetition tasks (Kemper, 1986) . Although researchers employed various tasks to examine age-related decline in sentence-comprehension abilities, common findings emerged indicating that elderly adults demonstrated worse performance on sentence-comprehension tasks than younger individuals, especially as syntactic complexity increased.
Among many sentence types, passive sentences are one of the most widely studied sentence types, as they are a more complex sentence type compared with simple active sentences. Passive sentences are known to be more complex to process than active sentences, given that the order of thematic roles changes from its original form of active counterparts in passive sentences (Grodzinsky, 1984 (Grodzinsky, , 1986 .
Elderly adults presented greater difficulties in processing passive than active sentences (Obler et al., 1991; Obler, Nicholas, Albert, & Woodward, 1985; Rochon, Waters, & Caplan, 1994; Waters, Rochon, & Caplan, 1998) . However, the linguistic features that make passive sentences demanding may differ across languages. In English, the theme is moved to the subject place in a passive structure, and the agent is formed into a prepositional phrase (by-phrase) after the inflected verb. In contrast, for languages with a well-developed case-marking system such as Korean, Japanese, and German, the movement of word order is not a critical process, given that case markers with morphosyntactic inflections denote thematic relations ("who did what to whom"). Therefore, the proper assignment of case markers is a critical component in successfully interpreting the thematic roles in a sentence.
Each language has its own linguistic property that plays a key function in interpreting grammatical information. Most previous experimental studies on sentence comprehension in elderly adults investigated age-related phenomena in English, relying on word-order information to interpret thematic relations. However, researchers know relatively little about how aging affects abilities to assign case markers. It is important to investigate whether the abilities of case-marker assignment can be a significant feature associated with aging for those who use languages with a well-developed case-marking system, given that the linguistic components that affect aging may differ across languages. Research efforts to investigate various linguistic factors associated with aging would contribute to expanding understanding of how aging affects sentence-processing abilities across languages. Several studies addressed casemarker processing in Japanese (Kim et al., 2009; Mazuka, Itoh, & Kondo, 2002; Tamaoka et al., 2005; Yokoyama, Takahashi, & Kawashima, 2013 , 2014 and German (Matzke, Mai, Nager, Rüsseler, & Münte, 2002; Mueller, Hirotani, & Friederici, 2007; Schlesewsky, Fanselow, Kliegl, & Krems, 2000) . However, those studies included only younger adults. To my knowledge, this study is the first to examine age-related differences in case-marker processing by comparing younger with older groups.
The current study investigated aging-related changes in abilities of case-marker assignment in a verb-final language, especially when the syntactic complexity was manipulated by varying the syntactic structure (active vs passive) and the canonicity of word order (canonical vs noncanonical). The current study manipulated the canonicity of a word order in a case-marker-assignment task (CMAT) to examine whether the canonicity of word order is one of the factors that affects aging-related changes in sentence processing for Korean users. A couple of studies reported the effects of canonicity on sentence processing in younger adults by examining the cost of scrambling word order for languages with a relatively free word order such as Japanese and German. Japanese speakers consistently demonstrated greater difficulties in processing noncanonical sentences with accusative or dative case markers assigned to the first noun phrase than canonical sentences with a nominative case marker in the first noun phrase, as reflected in more errors and longer reaction times in sentence-processing tasks (Kim et al., 2009; Mazuka et al., 2002; Tamaoka et al., 2005; Yokoyama et al., 2013 Yokoyama et al., , 2014 .
German is an example of a language that allows a scrambled word order. In contrast to Korean and Japanese with overt case markers, case is represented in an article that is placed ahead of a noun (Mueller et al., 2007) . German mostly follows a canonical word order of SVO, but also allows a deviation of word order such as OVS, OSV, and SOV (Matzke et al., 2002) . Researchers suggested that German sentences with noncanonical word order elicited longer reading times in a self-paced reading paradigm, indicating that canonical word order is still preferred for those who use a relatively free word-order language (e.g., Schlesewsky et al., 2000) . However, previous studies focused mostly on younger groups, and very few studies identified the effects of canonicity of word order on agingrelated decline. The current study hypothesized that the manipulation of canoncity and sentence type would more greatly impact case-marking abilities of elderly adults than those in a younger group.
The current study also investigated individual differences in working-memory (WM) capacity to discern if they can account for age-related changes in abilities of case-marker assignment. WM has received considerable attention as an underlying cognitive construct associated with sentence processing Just & Carpenter, 1992; . Researchers reported that WM capacity declines as people age (e.g., Salthouse, 1991, for review) . Several study results suggested that reduced WM capacity relates to sentence-comprehension difficulties in older adults, indicating that reduced WM capacity is responsible for worse performance in sentence processing Davis & Ball, 1989; DeDe, Caplan, Kemtes, & Waters, 2004; Kemper, 1986; Kemtes & Kemper, 1997; Light, 1990; Morris, Craik, & Gick, 1990; Morris, Gick, & Craik, 1988; Waters & Caplan, 2001) . However, no studies have investigated the role of WM capacity associated with abilities of case-marker assignment in a verb-final language. It needs to be investigated how much of the variance can be additionally accounted for by WM capacity as critical cognitive resources associated with aging-related decline in case-marker processing.
Case-marker assignment requires the ability to interpret the thematic relations of each linguistic unit in a sentence. However, it is controversial to which degree the process to decode the thematic roles aligns with WM capacity. Debates persist on the specific components of syntactic processing that engages WM capacity. For example, some researchers suggested that elderly adults presented significantly greater difficulties than younger adults in offline measures (end-of-sentence tasks) such as grammatical judgment, plausibility judgment, or sentence-picture matching tasks, whereas elderly adults were not impaired in online syntactic parsing abilities reflected in word-by-word reading or listening times (e.g., DeDe et al., 2004; Waters & Caplan, 2001 . No studies have investigated so far how WM capacity contributes to case-marker processing associated with aging.
Purposes of the current study were (a) to investigate whether there are significant differences between younger and elderly groups in a CMAT when the canonicity of word order (canonical vs noncanonical) and syntactic computational loads (active vs passive) were systematically manipulated, (b) to explore the relationship between WM capacity and case-marker processing, and (c) to determine the contributing factors to predict performance on case-marker processing among age, WM, sentence types, and education.
Method

Participants
A total of 121 individuals (men = 46; women = 75) participated in the study with an age range of 18 to 74 years. Participants were recruited for each younger and older group. The younger group of 62 individuals had an age range of 18 to 38 years (mean = 24.90 years, SD = 4.02), and 59 individuals fell into the older group with a mean age of 65.22 years (SD = 4.35), ranging from 60 to 74 years. The average years of education was 14.68 (SD = 2.07) and 12.22 (SD = 3.31) for younger and older groups, respectively. One-way analysis of variance for education revealed significant differences in years of education between younger and older groups, F(1, 119) = 24.195, p < .0001. Thus, education was controlled for further statistical analyses.
All participants provided written informed consent prior to participation. Ewha Womans University's Institutional Review Board approved the research protocol. No data were excluded from the data analysis. All participants, monolingual Koreans, took the Korean Mini-Mental State Examination (K-MMSE; Kang, Jahng, & Na, 2012) . I applied the most recently updated norms from Kang and colleagues (2012) as a normal selection criterion. Kang and colleagues (2012) provided normative data on the K-MMSE based on 1,067 individuals (men = 600; women = 467). The age range from the norm was from 45 to 90 years with nine age groups, 5 years apart for each group (45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84 , and 85-90 years old) and seven different educational levels (0, 1-3, 4-6, 7-9, 10-12, 13-16, and >17 years) . All participants were above 17th percentile based on age-, gender-, and education-adjusted means from the current norm of K-MMSE (Kang et al., 2012) .
Materials
Case-Marker Assignment Task I modified the CMAT, originally developed by Hyun and colleagues (Hyun, 2013; Hyun, Sung, Jeong, Kang, & Kim, 2013) . Hyun and colleagues' original work included nine different structures including simple and complex sentences such as sentences with transitive verbs, dative verbs, passive structure, conjoined structure, and center-embedded structures with either subject-or object-relative clauses. However, previous studies suggested that all nine syntactic structures were not relevant to reveal aging effects, given that syntactic-complexity effects were washed out when the syntax was too complex. Based on these findings, I selected two subtests from the original version of the CMAT including active and passive versions. Furthermore, I manipulated the word order to examine canonicity effects on case-marker processing. The original version contained only the canonical word order of each sentence. In contrast, the current version included canonical and noncanonical structures of each sentence type. The current CMAT task consisted of four syntactic structures: active-canonical, active-noncanonical, passive-canonical, and passive-noncanonical sentence types. Sentence examples for each condition appear in Table 1 .
In the CMAT, two case markers need to be assigned, such as a nominative (ka) and an accusative case marker (lul) in the active sentences, whereas a nominative (ka) and a dative (eykey) case marker should be assigned for passive sentences. The CMAT contained a limited set of color-related vocabulary such as "the Red," "the Blue," and "the Yellow" to create humanized pictograms to describe thematic roles. Humanized symbols have been used in The Blue-NOM Push-pres.-ind.-passive previous studies as a controlled paradigm for sentence-production tasks (Sung, 2015b) and sentence-comprehension tasks (Sung, 2015a) to minimize top-down semantic influences on syntactic processing. In the CMAT, the examiner provided the target picture and its corresponding sentence in which the target nouns and a verb were written, but the space for case markers to be assigned was marked as blank (Figure 1) . Examiners displayed four different cards in which each case marker (kanominative, lul-accusative, eykey-dative, ey-locative) was written. Participants needed to fill in the blank by choosing the relevant case marker among the four choices.
The case-marker cards were randomly presented below the blank. Nominative (ka) and accusative (lul) case markers are required for active sentences, and normative (ka) and dative (eykey) case markers are required for passive sentences. A dative case marker (ey) served as a distractor, which cannot be used either for active or for passive sentences. A total of 24 items served as experimental stimuli with six items per each syntactic condition. The order of stimuli presentation was peudorandomized with no more than three items from the same syntactic condition presented in a row. Examiners scored the responses as correct only when all the blanks were filled with correct case markers, given that any error on either of the two blanks made the whole sentence incorrect in correspondence with the target picture.
WM Capacity Measures
I employed four measures of WM capacity: digit forward (DF), digit-backward (DB), word-forward (WF), and word-backward (WB). DF and DB tasks were taken from the Korean version of the Wechsler Adult Intelligence Scale (Yeom, Park, Oh, Kim, & Lee, 1992) and WF and WB tasks were from Sung (2011) . Each task consisted of 14 trials. Forward-span measures (DF and WF) ranged from Span 3 to Span 9 with two trials for each span. The total possible score for the task was 14. The backwardspan tasks, DB and WB, had the same number of trials, but ranged from Span 2 to Span 8 with two trials for each span. Examiners administered forward-span tasks prior to backward-span tasks, as suggested in the Korean Wechsler Adult Intelligence Scale. The order of presentation was counterbalanced between the word-and digit-span tasks.
Prior to the main data analyses, I explored whether the four measures of WM capacity could be represented as a single construct. I conducted an exploratory factor analysis using a principal-component-extraction procedure for each age group. Both groups elicited a single-factor solution from the principal-component analysis. A one-factor solution accounted for 65.89% and 68.83% of the total variance for younger and older groups, respectively. I used the sum of the four tasks as a composite index of WM capacity for further analyses, based on previous studies that reported that a composite measure of WM capacity increased the reliability and stability of WM measures (Waters & Caplan, 2003) .
Results
Group Differences Depending on Sentence Type and Canonicity
The percentage of accurate responses on the case-marker processing task served as a dependent measure. I performed a 2 × 2 × 2 three-way mixed analysis of covariance with age group as a between-subject factor and with the sentence type (active vs passive) and the canonicity (canonical vs noncanonical) as within-subject factors, and education controlled as a covariate. See Figure 2 for descriptive information of means and standard error for each group and condition. A significant main effect for the groups occurred, F(1, 118) = 30.026, p < .0001, η partial 2 = .203, with the elderly group showing significantly worse performance than the younger group. A main effect for canonicity was also significant, F(1, 118) = 13.593, p < .0001, η partial 2 = .103, indicating that significantly worse performance was observed on noncanonical sentences than canonical sentences. A main effect for sentence type was significant, F(1, 118) = 7.397, p < .01, η partial 2 = .059, with worse performance shown on passive sentences than active sentences.
The two-way interaction between the sentence type and group was significant, F(1, 118) = 10.435, p < .005, η partial 2 = .081. The significant interaction was due to worse performance on passive sentences, especially for the elderly group compared with the younger group. The two-way interaction between canonicity and group was significant, F(1, 118) = 8.98, p < .005, η partial 2 = .071, indicating that the elderly group showed significantly worse performance on the noncanonical than canonical sentences compared with the younger group. Neither two-way interaction was significant for sentence type and canonicity, F(1, 118) = . Correlational and Regression Analyses I computed partial correlations among age, WM, and each sentence type (active-canonical, active-noncanonical, passive-canonical, and passive-noncanonical) after controlling for education. Age significantly and negatively correlated with WM, r = −.484, p < .0001, active-canonical, r = −.242, p < .01, active-noncanonical, r = −.263, p < .005, passivecanonical, r = −.387, p < .0001, and passive-noncanonical, r = −.427, p < .0001. WM correlated significantly and positively with passive-noncanonical, r = .18, p = .05 after controlling for education. Other than the passive-noncanonical type of sentence, no partial correlations were significant between WM and sentence type. I provide data on zeroorder and partial correlational analyses among variables in Table 2 .
To explore the factors that contribute most to accounting for performance on the CMAT, I performed a multiple stepwise regression analysis with age, WM, education, and each sentence type (active-canonical, active-noncanonical, passive-canonical, and passive-noncanonical). Results revealed that age, education, and sentence type were selected as significant predictors for performance on the CMAT, F(3, 480) = 56.802, p < .0001, r 2 = .512.
Discussion
The current study investigated whether older adults had greater difficulty assigning case markers compared with younger adults when linguistic factors were systematically manipulated. I manipulated the canonicity of word order and syntactic computational loads between active and passive sentences based on the assumption that a noncanonical word order and passive sentences are more demanding to process than their sentence counterparts. Results revealed that older adults experienced significantly greater difficulties in assigning case markers compared with younger adults, suggesting that CMAT sensitively captured aging-related decline in the sentence-processing domain.
Results align with previous findings, which reported that abilities to comprehend sentences decline with age (Emery, 1985; Feier & Gerstman, 1980; Kemtes & Kemper, 1997; Norman, Kemper, Kynette, Cheung, & Anagnopoulos, 1991; Waters & Caplan, 2005) . Current results revealed that the main effects for canonicity and sentence type were significant, indicating that noncanonical sentences and passive constructions are more difficult than canonical and active sentences. Results showing greater difficulties in passive sentences align with previous evidence from many languages (Dąbrowska & Street, 2006; Grodzinsky, 1984 Grodzinsky, , 1986 Meyer, Mack, & Thompson, 2012; Nishigauchi, 1993; Yokoyama et al., 2006) . It is interesting to note that the canonicity effects emerged even in a language with a relatively free word-order system. Canonicity effects consistently replicate across the different modalities in Korean such as sentence production (Sung, 2015b) and comprehension (Sung, 2015a) . The results provided additional evidence of canonicity effects from the CMAT. In the noncanonical condition, participants need to assign either the accusative case marker to the first noun phrase for active sentences or a dative case marker for passive sentences. Lower accuracy in the noncanonical condition indicates that participants showed a tendency to put a nominative case marker in the first noun phrases, indicating that Korean users prefer to use a nominative case marker in a subject position, and this preference may override the correct interpretation of thematic roles in a sentence, leading to error. A frequency-based explanation (e.g., Crocker & Brants, 2000) may account for the consistent replications of the canonicity effects across studies, given that SOV structures are more frequently used in Korean than OSV structures (Im, 2007; Nam, 1988) . More studies are required to examine the underlying cognitive and linguistic sources responsible for strong preference for subject-initial syntactic structures despite word-order freedom.
Results elicited a significant two-way interaction between group and sentence type, and the significant interaction was due to differentially worse performance on passive sentences for older adults compared with younger adults. Furthermore, the two-way interaction between the group and canonicity was significant as well, indicating that elderly adults performed more poorly in noncanonical than canonical conditions, compared with younger adults. Results indicated that canonicity and sentence structure played a critical role in differentiating age groups. In other words, the noncanonical condition and passive sentences are more sensitive than the canonical condition and active sentences to detect age-related changes in case-markerassignment abilities. However, the three-way interaction was not significant. The lack of the three-way interaction indicates that each factor of the noncanonical word order and passive structure individually contributes to agingrelated differences, but the combined factors of canonicity and sentence type did not additionally account for the aging-related variance. Interpretation of the nonsignificant findings is warranted, given that the lack of significance of the three-way interaction may be due to the statisticalpower issue, considering the numerical trends with passive-noncanonical sentences eliciting differentially worse performance in elderly adults than in the younger group. More studies need to investigate the linguistic factors that reliably capture deterioration of performance on language as people age, given that the early detection of aging on linguistic and cognitive domains can contribute to more active prevention of further progress.
To explore the best factors to predict overall performance on the CMAT, I performed a multiple stepwise regression analysis with age, WM, education, and each sentence type as predictors. Results revealed that age, education, and sentence type accounted for more than 50% of the total variance. It is interesting to note that when WM was removed from the regression equation, and the combination of age, education, and sentence type better accounted for the case-marker processing over WM capacity. The results are inconsistent with previous findings on the sentence-production paradigm (Sung, 2015b ) and the sentence picture-matching comprehension paradigm (Sung, 2015a) . The task-specific effects many account for the differential contribution of WM to sentence processing across studies.
Sung (2015b) developed sentence-production tasks to examine the aging-related differences in sentence-production abilities and their relationships to WM capacity. The author employed a syntactic-priming task and sentencecompletion task based on the assumption that the syntactic-priming task required greater WM demands, given that participants needed to hold the prime sentence in their memory to correctly use the structure when formulating the target sentence. In contrast, for the sentence-completion task, each linguistic unit was written on the target picture, and the examiner provided the first noun phrase to start.
In this regard, the syntactic-priming task is more WM demanding than the sentence-completion task, even though both tasks are involved in evaluating sentence-production abilities. As predicted, results revealed that WM significantly correlated with performance on the condition under the syntactic-priming paradigm with greater WM demands. Sung (2015a) investigated sentence-comprehension abilities depending on the sentence type for elderly adults and their relationship to WM capacity. Results suggested that overall performance on the sentence-comprehension task correlated highly with WM measures. Sung (2015a) measured sentence-comprehension abilities using a sentence picturematching paradigm in which sentences were auditorily presented, making linguistic information temporarily available and WM demanding. In contrast to previous work, the current study employed the case-marker-assignment paradigm to examine aging-related differences in sentence processing. In the CMAT, all linguistic units were provided along with the target picture, and participants were given as much as time they needed. Presentation methods in the CMAT are less WM demanding compared with the syntactic-priming and sentence-picture-matching paradigms, which elicited significant correlations with WM capacity. Given that the sentence-completion task (Sung, 2015b) with all linguistic units presented on the picture did not correlate with WM capacity, the task-specific effects may account for the lack of WM effects. I speculate that the degree to which the WM demands are involved in the task is responsible for the relationship between the task and WM measures.
The case-marker-assignment paradigm is a novel approach to evaluate aging-related decline in sentence processing, given that it is neither comprehension nor production task that previous studies employed. Evaluation of abilities to assign case markers contributes to evidence in the aging literature as complementary methods that may bridge the sentence-production and comprehension paradigms. More studies need to investigate the underlying cognitive Notes: Active-C = active sentences with a canonical word order; active-NC = active sentences with a noncanonical word order; passive-C = passive sentences with a canonical word order; passive-NC = passive sentences with a noncanonical word order; WM = sum of working memory measures. *p < .05; **p < .01.
and linguistic resources that account for aging-related decline in sentence processing using various paradigms. To my knowledge, this study is the first to examine age-related difficulties in case-marker assignment for those who use a verb-final language with a well-developed case-marking system. The current study added additional evidence on agerelated decline in sentence processing, especially associated literature on difficulties in case-marker assignment in aging.
To summarize, the current results suggested that the canonicity of word order and passive construction were the critical factors that relate to decline in the ability of elderly adults to assign case markers using a verb-final language. Case markers are one of the critical linguistic features in some languages with a relatively free word order compared with other languages with higher value in word order. Results suggested that researchers need to consider language-specific factors to sensitively capture aging-related changes in language processing.
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